T he behaviours that put adolescents at risk for pregnancy 1.3% tested positive for N gonorrhoeae. This was the first also put them at risk for sexually transmitted infections population based study of postpartum STIs in the United (STIs). STI incidence and prevalence are higher among
States. However, the study was limited by its retrospective adolescent females than any other age and sex group, [1] [2] [3] [4] and design, postpartum testing of only 55% of the women in the they are particularly high among those who are pregnant. 5 cohort, short term (that is, 3 month) follow up, and focus on Although several studies have examined increased risk for a relatively low risk population. STIs among adolescents during pregnancy, to date, no studies
The objective of the current study was to identify have focused specifically on postpartum STIs or examined STI postpartum incidence and predictors of C trachomatis and rates prospectively from pregnancy into the postpartum N gonorrhoeae among adolescents in both the early and late period. Like pregnant adolescents, postpartum adolescents postpartum period (3 and 9 months post partum). These are at greater risk for STIs than the general population of estimates are compared to similar estimates among a cohort adolescents because they often initiated sexual activity at an of non-pregnant, sexually active adolescents. C trachomatis early age, remain sexually active, have more partners over the and N gonorrhoeae are the most common adolescent STIs and long course of childbearing years, and have increased associated with serious sequelae; however, they can be biological susceptibility. 6 7 diagnosed accurately and are curable using standard anti-STI prevention among pregnant adolescents has focused on biotic regimens. 8 This study extends previous literature by screening for particular STIs before childbirth to prevent providing prospective, longitudinal data regarding STI infec neonatal infection. However, it is also important to undertions measured using highly sensitive and specific nucleic stand STI risk among postpartum adolescents who may acid amplification techniques during pregnancy and post become infected by a new partner or re-infected by a partner partum among urban, high risk adolescents. not treated during pregnancy. Moreover, decisions about postpartum contraception affect STI risk, even if not the primary motive. Prenatal care is often the first time METHODS adolescents address sexual health, and many are involved Study sites and participants in routine care during and after pregnancy. Therefore, Participants were recruited from 10 community based public pregnancy and the postpartum period may provide critical health clinics in low income neighbourhoods of three windows of opportunity for clinic based interventions.
Connecticut cities characterised by high incidence of adolesIn a large retrospective cohort study of women who cent pregnancy and STIs. 9 10 Patients served by these clinics delivered infants in a mid-western hospital from 1992-8, are predominantly African American and Latina, with limited Mahon et al documented rates of Chlamydia trachomatis and financial resources. Eligibility criteria for participation Neisseria gonorrhoeae infections 3 months post partum. 8 Of included being a female between the ages of 14 and 19 13 086 eligible deliveries, 55% of women received postpartum years, ever had sexual intercourse, nulliparous, HIV serone-STI testing; of these, 2.6% tested positive for C trachomatis and gative, and receiving obstetric or gynaecological care.
Procedures
Participants were enrolled in a larger study examining STI risks from June 1998 to March 2000. Potentially eligible adolescents were approached by study staff, referred by healthcare providers, or responded to advertising materials. Recruitment was conducted sequentially to reach a target of at least 200 pregnant and 200 non-pregnant teens who met all inclusion criteria listed above. Structured interviews were conducted in the third trime ster of pregnancy or after clinic visits for non-pregnant teens 6 and 12 months later (window for follow up interviews was plus or minus 4 weeks). Instruments were pilot tested, modified for cultural and age appropriateness, and translated into Spanish. This study was approved by institutional review boards at Yale University and at participating clinics. Participants were paid $25 for each interview.
C trachomatis and N gonorrhoeae testing Urine samples were collected during each study visit and processed at a central laboratory. Testing for C trachomatis and N gonorrhoeae was conducted using ligase chain reaction (LCR; Abbott Laboratories, Chicago, IL, USA), which is highly sensitive and specific, with reported superiority to nonamplification techniques such as culture. 11 12 Following Burstein et al 13 an incident STI was defined as a new infection more than 30 days after a documented positive or negative test result; thus insuring that each test result refers to a new infection. All patients with a positive C trachomatis or N gonorrhoeae test result were notified by telephone or mail and requested to return for treatment if not already provided in the clinic setting; they were also advised to refer their sexual partners for treatment.
Measures
Participants completed a structured, face to face interview that took 60-90 minutes to complete. The survey instrument was pilot tested for cultural and age appropriateness, and was translated into Spanish for Spanish speaking participants. Demographic, sexual history, and sexual risk behaviour variables were included as potential predictors of postpartum STIs.
Demographic measures
These included age (younger (14-16) v older adolescents (17-19 years)), race (Hispanic, black, white/other), and educa tional attainment (classified as in school or has a high school diploma v not in school and no high school diploma).
Sexual history variables
These included age at first intercourse (age (14 years v .14 years), self reported history of a sexually transmitted disease (STD) ever (yes v no), and number of sexual partners per year of sexual activity ((1 year v .1 year).
Sexual risk behaviours
These included unprotected vaginal intercourse (>1 v 0 episodes of vaginal intercourse without a condom in the past 30 days), condom use during last sex act (no v yes), the use of alcohol or other drugs before or during sex in the past 30 days (yes v no), and current number of sexual partners (multiple v single partner).
Partnership specific factors
They included presence of a new partner in the postpartum period (yes v no), partner risk (yes v no for history of an STD, sex with others in the past 6 months, or injection drug use ever), and partner age relative to participant (.2 years older v (2 years older).
Statistical analysis
The sample was described, stratified by pregnancy status. All proportions were compared using likelihood ratio x 2 tests. Logistic regression provided an estimate of the interaction between group (pregnant v non-pregnant) and time. Odds ratios (OR) and 95% confidence intervals (CI) were computed to compare the occurrence of new STI infections between the pregnant and non-pregnant groups at 6 and 12 month follow up interviews. Because all adolescents were screened and referred for STI treatment at baseline, infections detected at follow up were considered new infections and thus were directly comparable between the two groups.
Likelihood ratio x 2 tests were conducted to determine the association between baseline demographic, sexual history, sexual risk behaviour, and partnership specific factors with postpartum STIs at the 6 or 12 month visit. Based on these results, multivariate logistic regression was performed to identify the best set of predictors of postpartum STIs. Variables associated in the bivariate analyses with the presence of a postpartum STI where p,0.10 were included for testing in the multivariate model. Associations between variables were estimated as ORs and were tested for significance with 95% CIs. Statistical analyses were con ducted using SPSS for Windows 10.0 (SPSS, Inc, Chicago, IL, USA).
RESULTS
Of 519 eligible adolescents, 203 pregnant and 208 non pregnant adolescents were enrolled in the study (81.2% of pregnant and 77.3% of non-pregnant adolescents who were eligible). The average age was 17.3 years, and the sample was predominantly black (44%) and Hispanic (42%). None of the participants was married. The study sample was representa tive of young women seen at the clinics with regard to race/ ethnicity, social class, and other demographic characteristics. Women in the study reported high baseline levels of sexual risk (for example, previous pregnancy, self reported history of previous STI, young age at first intercourse) (table 1) .
Logistic regression analyses indicated a significant group by time interaction in combined rates of C trachomatis and N gonorrhoeae (p = 0.005), whereby non-pregnant teens remained relatively stable over time; in contrast, pregnant teens had an increase in these STIs over time (fig 1) . Most notably, among the teens pregnant at baseline, new infec tions of C trachomatis and N gonorrhoeae increased from 7.1% to 14.3% at the 6 and 12 month follow up interviews, respectively. Among non-pregnant teens, the proportion with new infections remained relatively stable over the 6 and 12 month follow up interviews (9.0 to 8.3%). C trachomatis and N gonorrhoeae prevalence was 1.94 times higher (95% CI: 0.97 to 3.89, p = 0.061) among teens 9 months post partum than among the comparison group of non-pregnant teens, controlling for baseline STI.
These analyses were restricted to those with LCR testing at all three time points (126 pregnant teens, 133 non-pregnant teens). Participants excluded from longitudinal analyses were more likely to be older (age 17-19 v 14-16 years) and more likely to have had a previous pregnancy (both p,0.05). There were no differences between those included versus excluded in analyses with regard to any other demographic, sexual history, sexual risk behaviour, or relationship specific factor.
Post hoc analyses were conducted to determine if there was any bias associated with the timing of previous STI testing and diagnosis. We compared study participants pregnant versus non-pregnant at study entry with regard to differential screening and diagnosis in the 6 months before the baseline interview. For the pregnant teens, this would cover the entire period of their pregnancy. There was no difference in rates of STI screening based on medical record review: 87.2% (n = 177) of pregnant and 83.2% (n = 173) of non-pregnant teens were tested in the 6 months before the baseline interview (p = 0.25). Furthermore, there were no differences in rates of STI diagnosis based on medical record review: 35.5% (n = 72) of pregnant and 36.1% (n = 75) of non pregnant teens tested positive for either C trachomatis or N gonorrhoeae in the 6 months before the baseline interview (p = 0.90). This latter finding was confirmed by state health department reports: 35.5% (n = 72) of pregnant and 38.9% (n = 81) of non-pregnant teens were reported as positive for either C trachomatis or N gonorrhoeae in the 6 months before the baseline interview (p = 0.47). Finally, likelihood ratio x 2 tests among the pregnant adolescents with postpartum STI testing (n = 175) were conducted to identify potential predictors of postpartum STIs (table 2) . Younger teens (aged 14-16 years) were marginally more likely to have a postpartum STI than older teens (aged 17-19 years). Among a wide array of behavioural characteristics tested, only four variables were at least marginally associated (p,0.10) with a postpartum STI: number of current sex partners, average number of partners per year of sexual activity, having a new partner, and having a partner at risk. Final multivariate logistic regression was performed to identify the best set of predictors of postpartum STIs. Young women with new partners in the postpartum period were 6.3 times (95% CI: 2.6 to 15.6) more likely to have a postpartum STI, and young women who had a greater number of partners per year of sexual activity were 3.0 times (95% CI: 1.2 to 7.7) more likely to have a postpartum STI.
CONCLUSIONS
Nine months post partum, combined C trachomatis and N gonorrhoeae incidence was substantially higher than base line and early (that is, 3 month) postpartum rates among pregnant adolescents. Furthermore, this was nearly double the incidence for non-pregnant adolescents. These results indicate that postpartum adolescents are particularly vulner able to STI infection, most probably because of re-initiation of high risk sexual behaviour, including unprotected inter course. Both the introduction of a new partner in the postpartum period and a history of multiple partners, representing behavioural trends towards risk, were influen tial in whether adolescents became infected. Considering one previous study of postpartum STIs among women of all ages, 8 the rates documented in this study among teens are of serious concern: 3% of mid-western women tested positive for C trachomatis and N gonorrhoeae 3 months post partum compared to 7% of teens 3 months post partum and 14% of teens 9 months post partum. Postpartum adolescents are a high risk subgroup needing additional attention to ensure follow up screening and treatment. Many adolescents, especially those with a history of pregnancy, are encouraged to use hormonal contraception (for example, long acting injectable depot medroxyprogester one acetate (Depo Provera)) 14 ; although most effective at reducing risk for future pregnancy, it provides no protection against STIs, which results in a ''contraceptive trade off dilemma.'' 15 The more effective chosen contraceptives are for preventing pregnancy the less likely individuals are to use condoms to prevent STIs 16 ; healthcare providers must seek to minimise the risk of both repeat pregnancy and STI.
This study is limited by use of a clinic based convenience sample, and some restrictions in statistical power as a result of the sample size and loss to follow up. Concerns regarding potential biases in differential rates of STI screening and diagnosis between the pregnant and non-pregnant teens were minimised by results of reanalyses that indicated no differences in these measures. Baseline differences, though not the focus of these analyses, were probably because the pregnant teens were in the third trimester of pregnancy and were significantly less likely to be sexually active, 17 and therefore at reduced risk for STIs. Strengths of this study include an ethnically diverse sample recruited from 10 different hospitals and community health clinics serving young women at great risk for sexually transmitted infec tions. As part of the study protocol, all participants were screened multiple times for C trachomatis and N gonorrhoeae using nucleic acid amplification testing thus providing an www.stijournal.com objective biological outcome measure of STI incidence in the follow up period.
The results of this study indicate that postpartum adolescents should be targeted for STI prevention interven tions, especially those with new partners and those with a greater number of partners. Routine prenatal and postpartum care provide unique opportunities to promote condom use and other risk reduction interventions among adolescents. However, the timing of these interventions may be critical because gaps can occur between obstetric care during pregnancy and gynaecological care in the later postpartum period. Moreover, after pregnancy, interventions may be more difficult because of the physical and emotional demands of infant care. None the less, many women, including adolescents, reduce health risk behaviours during pregnancy. 18 If health enhancing behaviours are sustained post partum, long term reproductive health can be promoted.
